Pedestrian-induced vibration commonly governs serviceability criteria in footbridge design. Simplified approaches to assess these vibrations have resulted in undesirable levels of vibration in built footbridges, highlighting the need to develop more realistic representations of the pedestrian loads as well as approaches to mitigate their effects. To represent these types of loads in an accurate manner it is necessary to consider the anthropometric characteristics (inter-subject variability), the inability that pedestrians have to transmit the same force in each step (intra-subject variability), the interaction between pedestrians and the lock-in effect. It has been observed that some footbridges have experiences serviceability problems due to vibrations with excessive magnitudes. In some of these cases, the human-induced vibration cannot be controlled effectively by using conventional approaches so the use of supplemental damping devices was required. Evaluation of the dynamic response at the design stage under the most realistic representation of pedestrian is crucial to satisfying the comfort criteria. After this evaluation, in cases where the comfort criteria is not fulfilled, an option available to designers is to employ supplemental damping devices to mitigate the pedestrian-induced vibrations. This work presents a parametric study showing the high efficiency of damping devices to mitigate human-induced vibrations in girder footbridges under diverse pedestrian loading scenarios.
Introduction
The current tendency is to construct increasingly slender footbridges, which can lead to vibration problems in footbridges. If one of the footbridge's natural frequencies lies near the step frequency of pedestrians, resonance effects can occur amplifying the response to the point of causing discomfort for users. In many cases, supplemental damping devices can be used to mitigate the human-induced vibration in footbridges, without radically changing the aesthetics of the bridge. This paper investigates the deck deflections and accelerations as well the accelerations felt by the pedestrian walking on girder footbridges with and without supplemental damping devices.
Vibration control in footbridges
In this study, structural properties of nominal girder bridges are first selected. Then, following the analysis of the dynamic response of each bridge under pedestrian loads, in cases where the bridge presents vibration problems, tuned mass dampers are employed to mitigate the vibrations. Figure 1 shows a summary of this approach as well as the TMD implementation.
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Figure 1: Summary of the framework adopted in this study for calibrating TMD properties
After the evaluation of the girder footbridges without supplemental damper devices the structures which presented vibration problems in vertical direction were identified. Figure 2 shows the maximum accelerations in the vertical direction for a pedestrian stream with a density of 0.6 ped/m 2 for different activities. The properties of these devices were analysed according to different criteria such as those proposed by Den Hartog [1] , Krenk [2] , Warburton [3] and Asami [4] . The mass ratio was chosen within the conventional range (0.01 to 0.05). 
Discussion and Conclusions
This paper focuses on the reduction of human-induced vibrations in footbridges using tuned mass dampers. According to the results, it can be seen that the dynamic response is correlated with the span length and the type of traffic scenario associated with the pedestrian streams. To accurately represent pedestrian loads, it is necessary to define parameters such as the step length, speed, and anthropometric characteristics in a probabilistic way to simulate the most accurate force in time and space. As pedestrians do not generate the same force in each step it is important to follow a non-deterministic approach related to the representation of pedestrian loading. It was illustrated that for certain span lengths and aim of the journey of the pedestrians the serviceability criteria cannot be fulfilled using conventional approaches. In these cases it was required to employed damper devices.
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